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CHIMERIC M10NOGLOBULIHS SPECIFIC TOR p55 TAC PROTEIH 
OF THE IL-2 RECEPTOR 

Fl^ld of the Indention 

The present invention relates generally to the 
combination of recombinant DNA and monoclonal antibody 
technologies for davaloping noval tharapautic aganta and, 
mora particularly , to tha production of non-immunogenic 
antibodiaa and thair uses. 

Background or tha Invantlgn 

In mammals, tha immune raaponaa ia aadiatad by two 
typaa of calla that interact apacifically with foreign 
material, i.e. . antigens. One of these cell types, B-cells, 
are responsible for the production of antibodiaa. The second 
cell claas, T-cella, include a vide variety of cellular 
subsets controlling the In vivo function of both B— _ il„ * »no 
a vide variety of other hematopoietic cells, including > 
cells. 

One vay in vhich T-cells exert this control is 
through the production of a lymphokine Known as interleukin-2 
(IL-2), originally named T-cell growth factor. IL-2's prime 
function appears to be the stimulation and maintenance of T- 
cells. Indeed, some immunologists believe that IL-2 may b~ 
at the center of the entire immune response ( see , Farrar, J., 

at ai. # lamynpl. Rev. 41:129-166 (1982), vhich ia 
incorporated herein by reference) • 

To exert its biological affects, IL-2 interacts 
with a specific high-affinity membrane receptor (Greene, W«, 
et al., BEBgCttM In Bmafcalggg XIV 0 E. Brown, Ed., Cruna and 
Statton, Nev York (1966), at pga. 283 f f ) . The human IL-2 
receptor is a complex multichain glycoprotein, with one 
chain, known as the Tac peptide, being about 55kD in size 
(Uft, Leonard, W. , et al., J. Biol, Cham, 260«lft73 (1985), 
which is incorporated herein by reference) . A gene encoding 
this protein has been isolated, and predicts a 272 amino acid 
peptide, including a 21 amino acid signal peptide ( see , 
Leonard, W. , et al., Haiurfl 211* "6 (1984)). The 219 HH,- 
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terminal amino acids of tha p35 Tac protein apparantly j-lgjj 
comprise an extracellular domain (jLfifi* Leonard, W. , at al., 
science , 214^33-639 (1985), which ic incorpcratad herein fey jig 
rafaranca) • 

Huch of tha alucidation of tha human IL-2 
racaptor f a atructura and function ia dua to tha development 
of apacifically raactiva monoclonal antibodies. In 
particular, ona mouse aonoclonal antibody, known aa anti-Tac 
(Uchiyama, at al., J. Immunol. 126 H393 (1981)) haa shown 1j 
that IL-2 racaptora can ba datactad on T-cella, but also on 



calls of tha monocyte-macrophage family, 
livar, Langerhans 1 calls of tha skin and, of coursa, 
activatad T-calls. Importantly, 



1 



Kupffar calls of tha | 

Hi 
"•it 

rasting T-calls, B-cells or fit 
circulating macrophages typically do not display tha IL-2 jtj; 
racaptor (Herrmann, at al,, J- Exp, Mad. 162:1111 (1985)). ;. Jiljj. 

Tha anti-Tac monoclonal antibody ha* al — ; used £ 
to dafina lymphocyta functions that raquira ' ^ara^tion^ ** 

and has baan shown to inhibit various T-call functions, 
including tha ganaration of cytotoxic and supprassor T 
lymphocytaa in call cultura. Also, basad on studias with 
anti-Tac and othar antibodias, a variaty of diaordars ara now j 
associatad with impropar IL-2 receptor expression by T-calls, 
in particular adult T-call laukamia. ± 

Mora racantly, tha IL-2 racaptor has baan shown to 
ba an idaal targat for noval tharapautlc approachas to T-call 
madiatad disaasas. It has baan proposad that IL-2 racaptor 
apacific antibodias, such aa tha anti-Tac monoclonal 
antibody, can ba usad aithar alona or aa an immunoconjugata 
( JLJU # vith Ricin A, isotopas and tha lika) to affactivaly 
ramova calls baaring tha IL-2 racaptor. Thaaa agants can, 
for axampla, thaoratically aliminata IL-2 receptor-expressing 
laukamic calls, cartain B-calls, or activatad T-calls 
involvad in a disaasa stata, yat allow tha ratantion of 
matura normal T-calls and thair pracursors to ansura tha 
capability of mounting a normal T-call immuna rasponsa as 
needed. In ganaral, most othar T-call spacific agants can 
dastroy assantially all peripheral T-calls, which limits tha 
agants* tharapautic efficacy. Ovarall, tha usa of 
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appropriate monoclonal antibodies .pacific for the IL-2 
receptor «ay have therapeutic utility in autoimmune dieeaeea, ; j 
or9an traneplantation and any unwanted reaponaa by activated i 
T-celle. Indeed, clinical triala have bean initiated uaing, 
..a. . anti-Tac antibodiea (see., generally, Waldaan, T. , et 
ml., CflllClE B*Jb 45:625 (1985) and Waldman, T. , Science. 
232:727-732 (1986), both of which are incorporated herein by 
reference) . 

Unfortunately, the uae of the anti-Tac and other 
non-huaan monoclonal antibodiea have certain drawbacks, 
particularly in repeated therapeutic regimene aa explained 
below. Mouae monoclonal antibodiea, for example, do not fix 
hunan complement well, and lack other important 
immunoglobulin functional^characterietice whan uaed in 
humans. 

perhapa more importantly, anti-Tac and ~*V 
human aonoclonal antibodiea contain aubatantial eti-t_-ee ct 
amino acid aequencee that will be immunogenic when injectc- 
into a human patient. Mumeroua atudiea have ahown that, 
after injection of a foreign antibody, the immune reaponaa 
elicited by a patient againat an antibody can be quite 
atrong, aaaentially eliminating the antibody'a therapeutic 
utility after an initial treatment. Moreover, aa increasing 
numbers of different mouae or othar antigenic (to humane) 
monoclonal antibodiea can be expected to be developed to 
treat varioua diaeaaea, after the firat and aecond treataenta 
with any different non-human antibodiea, eubeequent 
treatmenta even for unrelated therapiea can be ineffective or 
even dangeroua in themselves. 

While the production of so-called -chimeric 
antibodiea* ( e.o. . mouae variable regiona joined to human 
constant regiona) haa proven aomewhat succeasful, a 
significant immunogenicity problem remaina. In general, the 
production of human immunoglobulina reactive with the human 
IL-2 receptor, aa with many human antigens, haa been 
extremely difficult uaing typical human aonoclonal antibody 
production techniques. Similarly, utilizing recombinant DMA 
technology to produce ao-called "humanized" antibodiea (j 
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Epo publication No. 0239400), provides uncertain 

raaulta, in part dua to unpradictabla binding affinitiaa. £[! 

Thua, thara ia a naad for iaprovad foraa of huaan- 
lika iaaunoglobulina, auch aa thoaa apacific for tha huaan 
IL-2 racaptor, that ara aubatantially non-iaaunoganic in 
huaana, yat aaaily and aconoaically producad in a aannar 
aultabla for tharapautic formulation and othar uaaa. Tha 
praaant invantion fulfilla thaaa and othar naada. 



IS 



of human IL-2 to ita racaptor and/or capabla of binding to 
tha p55 Tac protain on human IL-2 racaptora. Th** 



10 finiMiitrv of tha Tnvantlon 

Tha praaant invantion providaa noval coapoaitiona «. ( $ 
uaaful, for axaapla, in tha traataant of T-call aadiatad ! M 
huaan diaordara, tha coapoaition* containing huaan-lika jjjjj 
iaaunoglobulina apacif ically capabla of blocking tha binding j|| 

iaaunoglobulina can hava two paira of light chaxi„ ~cavy ch«<- 
complaxaa, typically at laaat ona pair having chaina 
coapriaing aouaa coaplaaantarity dataraining ragiona 
20 functionally joinad to huaan fraaawork ragion aagaanta. Por <£ 
axaapla, aouaa coaplaaantarity dataraining ragiona, with or J 
without additional naturally-aaaociatad aouaa aaino acid 
raaiduaa, can ba uaad to produco huaan-lika antibodiaa 
capabla of binding to tha huaan XL-2 racaptor at affinity 
25 lavala atrongar than about 10* M" 1 . 

Tha iaaunoglobulina, including binding fragaanta 
and othar darivativaa tharaof , of tha praaant invantion aay . 
ba producad raadily by a variaty of racoabinant DNA 
tachniquaa, with ultiaata axpraaaion in tranafactad calla, 
30 prafarably iaaortalitad oukaryotic calla, auch aa ayaloaa or 
hybridoaa calla. Polynuclaotidaa coapriaing a first saquonca 
coding for huaan-lika imaunoglobulin fraaawork ragiona and a 
aacond aaguanco aat ceding for tha daairad iaaunoglobulin 
coaplaaantarity dataraining ragiona can ba producad 
35 eynthatically or by combining appropriata cDNA and ganoaic 

ONA aagaanta. 

Tha huaan-lika iaaunoglobulina aay ba utilixad 
alona in aubatantially pura fora, or coaplaxad with a 
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cytotoxic agent, such as a radionuclide, a ribosomal 
inhibiting protoin or a cytotoxic agant active at call 
l\\ .urfacao. All of thaaa compound, will ba particularly u.aful 

in treating T-cell mediated disorders. The human-like 
5 immunoglobulins or their complexes can be prepared in a 
pharmaceutical^ accepted dosage form, which will vary 
depending on the node of administration. 

The present invention also provides novel methods 
for designing huaan-like immunoglobulin chains having one or 
10 sore complementarity determining regions (CDR's) from a donor 
immunoglobulin and a framework region from a human 
immunoglobulin, the preferred methods comprising first 
comparing the framework or variable region amino acid 
sequence of the donor immunoglobulin to corresponding 
15 sequences in a collection of human immunoglobulin chains, and 
selecting as the human immunoglobulin one of the -~r 
homologous sequences from the collection. The hum*/, 
immunoglobulin, or acceptor immunoglobulin, sequence is 
typically selected from a collection of at least 10 to 20 
20 immunoglobulin chain sequences, and usually will have the 

higheat homology to the donor immunoglobulin sequence of any 
■sequence in the collection. The human immunoglobulin 
framework sequence will typically have about 65 to 70% 
homology or more to the donor immunoglobulin framework 
25 sequences. The donor immunoglobulin may be either a heavy 

chain or light chain (or both) , and the human collection will 
contain the same kind of chain. A humanized light and heavy 
chain can be used to form a complete humanized immunoglobulin 
or antibody, having two light/heavy chain pairs, with or 
j 30 without partial or full-length human constant regions and 

other proteins. 

In another embodiment of the present invention, 
either in conjunction with the above comparison step or 
separately, additional amino acids in an acceptor 
i 35 immunoglobulin chain may be replaced with amino acids form 
the CDR-donor immunoglobulin chain. More specifically, 
further optional substitutions of a human framework amino 
acid of the acceptor immunoglobulin with a corresponding 
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amino acid from a donor immunoglobulin will be made at 
poaition* in tha immunoglobuline where: 



(a) 



tha amino acid in tha human framework region 



of an accaptor immunoglobulin la rara for that poaition and \M 
tha corraaponding amino acid in tha donor immunoglobulin is |||( 
common for that poaition in human immunoglobulin aaguencee* 
or 

(b) tha amino acid ia imaadiataly adjacant to onejj 

of tha CDR'a; or '. *fif 

(c) tha amino acid ia pradictad to ba within about jj 
3A of tha CDR'a in a three-dimensional immunoglobulin modal ^ 
and capabla of intaracting with tha antigan or with tha CDR'a.- 
of tha humanized immunoglobulin. slip 

Tha humaniEad immunoglobulin chain will typically 



ona BlL; 



compriaa at laaat about 3 amino acida froa tha donor 
immunoglobulin in addition to tha CDR'a, uauelly . . 
of which ia immadiataly adjacant to a CDR in th«. ~jtxot 
immunoglobulin. Tha haavy and light chain* may aach L. ^ 
daaignad by uaing any ona or all thraa of tha poaition ; 

critaria. M 

Whan combinad into an intact antibody, tha 
humanized light and haavy chaina of tha praaant invantion 
will ba aubatantially non-immunoganic in human* and ratain ygj 
aubatantially tha aama affinity aa tha donor immunoglobulin 1|| 
to tha antigen (auch aa a protain or other compound 
containing an epitope) . Theae affinity levela can vary froa 7$ 
about 10* IT 1 or higher, and may be within about 4 fold of the^| 
donor iamunoglobulin'a original affinity to tha antigen. -0 
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BRIEF DESCRIPTION OF THE FIGURES 
Figure 1. Comparieon of.Mquancai of anti-Tac 
heavy chain (upper linaa) and Eu haavy chain (lowar lines). 
The l-letter coda for amino acida ia uaad. Tha firat amino 
acid on aach lina ia numbered at tha laft. Idantical amino 
acida in tha two aaquancaa ara effected by linaa. Tha 3 
CDRa ara undarlinad. Othar amino acid poaitiona for which 
tha anti-Tac amino acid rathar than tha Eu amino acid waa 
uaad in tha humanized anti-Tac haavy chain ara danotad by 
an *. 

Figura 2. Compariaon of aaquancaa of anti-Tac 
light chain (uppar linaa) and Eu light chain (lowar linaa). 
Tha aingle- letter coda for amino acida ia uaad. Tha firat 
amino acid on aach lina ia numbarad at tha laft. Idantical 
amino acida in tha two aaquancaa ara connactad by linaa. Tha 
3 CDRs ara undarlinad. Othar amino acid poaition: fr u 
tha anti-Tac amino acid rathar than tha Eu amino acia mem 
uaad in tha humanized anti-Tac haavy chain ara denote* by 
an *. 

Figura 3. Nuclaotida aaquanca of tha gana for tha 
humanized anti-Tac haavy chain variabla ragion gana. Tha 
tranalatad amino acid aaquanca for tha part of tha gana 
ancoding protain ia ahown undamaath tha nuclaotida aaquanca. 
Tha nuclaotidaa TCTACA at tha baginning and and of tha gana 
ara Xba I aitaa. Tha matura haavy chain aaquanca bagina with 
amino acid #20 Q. 

Figura 4. Nuclaotida aaquanca of tha gana for tha 
humanized anti-Tac light chain variabla ragion gana. Tha 
tranalatad amino acid aaquanca for tha part of tha gana 
ancoding protain ia ahown undamaath tha nuclaotida aaquanca. 
Tha nuclaotidaa TCTACA at tha baginning and and of tha gana 
ara Xba I aitaa. Tha matura light chain aaquanca bagina with 
amino acid 121 D. 

Figura 5. A. Saquancao of tha four 
oligonuclaotidaa uaad to eyntheeize tha humanized anti-Tac 
haavy chain gana, printad 5 1 to 3«. B. Ralativa poaitiona 
of tha oligonuclaotidaa. Tha arrowa point in tha 3 9 
direction for aach oligonucleotide. 
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Figure 6. (A) Sequences of the four 
oligonucleotides used to synthesize the humanized anti-Tac 
light chain gene, printed 5' to 3'. (B) Relative positions. j| 
of the oligonucleotides. The arrows point in the 3 f 
direction for aach oligonucleotide. The position of a Hind 
III site in the overlap of JFD2 and JFD3 is shown. 

Figure 7. Schematic diagram of the plasmid 
pHuCTACl used to express the humanized anti-Tac heavy chain. 
Relevant restriction sites are shown, and coding regions of 
the heavy chain are displayed as boxes. The direction of 
transcription from the immunoglobulin (Ig) promoter is shown 
by an arrow. E g - heavy chain enhancer, Hyg - hygromycin 
resistance gene. 

Figure 8. Schematic diagram of the plasmld pHuLTAC : > 
used to express the humanized anti-Tac light chain. Relevant 
restriction sites are shown, and coding regior,/ . :jht 

chain are displayed as boxes. The direction of rran^cri-* 4 — 
from the Ig promoter is shown by an arrow. 

Figure 9. Fluorocytometry of HUT-102 and Jurkat 
cells stained with anti-Tac antibody or humanized anti-Tac 
antibody followed respectively by fluoresce in-conjugated goat, 
anti-mouse Ig antibody or goat anti-human Ig antibody, as 
labeled. In each panel, the dotted curve shows the results 
when the first antibody was omitted, and the solid curve the , 
results when first and second (conjugated) antibodies were 
included as described. 

Figure 10. (A) Fluorocytometry of HUT-102 cells 
stained with 0-40 ng of anti-Tac as indicated, then with 
biotinylated anti-Tac, and then with phycoerythr in-conjugated 
avidin. (B) Fluorocytometry of HUT-102 cells stained with 
the indicated antibody, then with biotinylated anti-Tac, and 
then with phycoerythr in-conjugated avidin. 
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DETAILED DESCRIPTION OE THE INVENTION 
In accordance with ona embodiment of tha praaant 
invention, human-like immunoglobuline apacifically raactiva 
with daairad apitopaa, auch aa thoaa on tha IL-2 racaptor on 
human T-celle, ara provided. Thaaa immunoglobuline, which 
hava binding affinitiee of at laaat about 10* IT 1 , and 
prafarably 10 f M* 1 to 10 10 H" 1 or etronger, ara capabla of , 
e.g. . blocking tha binding of IL-2 to human IL-2 racaptora. 
Tha human-like imunoglobulina will hava a human-like 
framework and can hava complementarity determining ragiona 
(CDR'e) from an immunoglobulin, typically a mouaa 
immunoglobulin, apacifically raactiva with an apitopa on p55 
Tac protain. Tha immunoglobulina of tha praaant invention, 
which can be produced economically in large quantltiea, find 
uae, for example, in the treatment of T-cell mediated 
diaordera in human patienta by a variety of technic 

The baaic antibody atructural unit ia known vo 
compriaa a tetramer. Each tetramar ia compoeed of two iden- 
tical paira of polypeptide chaina, each pair having one 
•light" (about 25kD) and ona "heavy" chain (about 50-70kD) . 
Tha NHj-terminue of each chain begina a variable region of 
about 100 to 110 or mora amino acida primarily reeponeible 
for antigen recognition. The C00H terminua of each chain 
dafinea a conetant region primarily responsible for effector 
function. 

Light chaina are claaaifiad aa either kappa or 
lambda. Heavy chaina are claaaifiad (and aubclaaaif ied) aa 
gamma, mu, alpha, delta, or epailon, and define the 
antibody'e iaotype aa IgC, IgM, IgA, IgD and IgE, 
reapectively. Within light and heavy chaina, tha variable 
and conetant ragiona are joined by a "J" region of about 12 
or more amino acida, with the heavy chain alao including a 
"D" region of about 12 more amino acida. (fififi, generally , 
Fundamental Immunology. Paul, W., Ed., Chapter 7, pga. 131- 
166, Raven Preaa, N.Y. (1984), which ia incorporated herein 
by reference.) 

The variable regiona of each light/heavy chain pair 
form the antibody binding aite. The chaina all exhibit the 
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ganaral struct ur« of r.lativ.ly con*«rvad fraawork 
r*?iona joinad by thr.. hyp.rvariabla rations, also callad jjjjfjf 
COR'a ( aaa . "S.qu.nc of Prot.in. of I ncauno logical 



Int.ra.t," Xabat, £. , at al., U.S. D.part»ant of Haalth and 
Human Sarvicaa, (1983) t and Cholthia and Laafc, J. Mol. Biol. 



15 
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1. 



12fi:901-917 (1987), which are incorporated herein by 
reference). The COR 1 * from the two chains of each pair are 
aligned by the framework regions, enabling binding to a 
specif ic epitope. [ -;| 

As used herein, the term "immunoglobulin" refers toj, 
a protein consisting of one or more polypeptides , -jir 

substantially encoded by immunoglobulin genes* The \t : 
rocognized immunoglobulin genes include the kappa, lambda, 
alpha, gamma, delta, epsilon and mu constant region genes, as, 
well as the myriad immunoglobulin variable region genes. The j 
immunoglobulins may exist in a variety of for:.* t • 
antibodies; including, for example, fV, Fab, ana M^b)^ 
well as in single chains Huston, et al., PTPCi i**.* 

flcl. P.fi.A., 11*5879-5883 (1988) and Bird, et al. , 
science , 212*423-426 (1988), which are incorporated herein by > 
reference). ( See , generally . Hood, et al., "Immunology 11 , ^ 
Benjamin, N.Y., 2nd ed. (1984), and Hunkapiller and Hood, -5 
Nature . 222-13-16 (1986), which are incorporated herein by 
reference). ,j 
Chimeric antibodies are antibodies whose light and • j 
heavy chain genes have been constructed, typically by genetic . 
engineering, from immunoglobulin gene segments belonging to ^ 
different species. For example, the variable (V) segments of; 
the genes from a mouse monoclonal antibody may be joined to \; 
human constant (C) segments, such as t % and 7 3 . A typical 
therapeutic chimeric antibody is thus a hybrid protein 
consisting of the V or antigen-binding domain from a mouse 
antibody and the C or effector domain from a human antibody 
(JUSjli A.T.C.C. Accession Ho. CRL 9688 secretes an anti-Tac 
chimeric antibody), although other mammalian species may be , 

used. • !" 

As used herein, the term "framework region" refers 



to those portions of immunoglobulin light and heavy chain 
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variable regions that art relatively coneerved (1jJLl# othar 
than the COR 1 a) among diffarant imaunoglobuline in a aingla 
epeciee, as dafinad by Kabat, at al. f flp. filfc. Aa uaad 
herein, a "human-like framework region" la a framework region 
5 that in each exiating chain comprieee at leaat about 70 or 
more amino acid reeiduee, typically 75 to 85 or more 
reeiduee, identical to thoee in a human immunoglobulin. 

Aa uaad herein, the term "human-like 
immunoglobulin 11 refera to an immunoglobulin comprieing a 
10 human-like framework and in which any conetant region preaent 
ia eubetantlally homologoua to a human immunoglobulin 
conatant region, i.e. . at leaat about 85-90%, preferably 
about 95% identical. Hence, all parte of a human-like 
immunoglobulin, except poaaibly the COR* a, are eubatantially 
15 homologoua to correapondlng parte of one or more native human 
immunoglobulin aequencea. For example , a human- 1.' J ~ 
immunoglobulin would not encompaaa a chimeric mouae vaxinblr 
region/human conatant region antibody. 

In accordance with another general aepect of the 
20 preaent invention, alao included are criteria by which a 
i limited number of amino acida in the framework of a human- 

| like or humanized immunoglobulin chain are choaen to be the 

j aame aa the amino acida at thoee poaitiona in the donor Ig 

I rather than in the acceptor lg f in order to increaae the 

25 affinity of an antibody comprieing the humanised 

immunoglobulin chain. 
! Thia aepect of the preaent invention ia baaed in 

part on the model that two contributing cauaea of the loaa of 
affinity in prior meana of producing humanised antlbodiee 
' 30 (uaing aa examplea mouae antlbodiee aa the aource of COR* a) 
! are: 

(1) When the mouae COR'e are combined with the 
f human framework, the amino acida in the framework cloae to 

the COR 9 a become human instead of mouae. Without intending 
35 to be bound by theory, we believe that theae changed amino 

acida may alight ly diatort the COR'e, becauae they create 
\ different electroatatic or hydrophobic forcee than in the 

donor mouae antibody, and the diatorted COR'e may not make as 
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effective contacts with the antigen a© the CDR'a did in the >,v 

donor antibody; , W.im 

(2) Alao, amino acida in the original mouse 



antibody that are cloae to # but not part of, the CDR'e (l^flx, 
still part of the framework) , nay make contacts with the 
antigen that contribute to affinity. Theee aaino acide are 
loat when the antibody ie humanized, because all framework 
aaino acids are made human. 

To avoid these problems, and to produce humanized 
antibodies that have a very strong affinity for a desired 
antigen, the present invention uses the following four 
criteria for designing humanized imaunoglobulins. These 
criteria may be used singly, or when necessary in 
combination, to achieve the desired affinity or othar 
characteristics. 



■ ft i 



Criterion It Am acceptor, use a framework from a parti' • 
human immunoglobulin that is unusually homologous to tha 
donor immunoglobulin to be humanized, or use a consensus 
framework from many human antibodies. For example, 
comparison of the sequence of a mouse heavy (or light) chain 
variable region against human heavy (or light) variable 
regions in e data bank (for example, the National Biomedical 
Research Foundation Protein Identification Resource) shows 
that the extent of homology to different human regions varies 
greatly, typically from about 40% to about 60-70%. By 
choosing as the acceptor immunoglobulin one of the human 
heavy (respectively light) chain variable regions that is 
most homologous to the heavy (respectively light) chain 
variable region of the donor immunoglobulin, fewer amino 
acids will be changed in going from the donor immunoglobulin 
to the humanized immunoglobulin. Hence, and again without 
intending to be bound by theory, it is believed that there is 
a smaller chance of changing an amino acid near the CDR's 
that distorts their conformation. Moreover, the precise 
overall shape of a humanized antibody comprising the 
humanized immunoglobulin chain may more closely resemble the 
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■hap* of the donor antibody, also reducing the chanca of 
distorting tha C0R f a. 

Typically, ona of tha 3-5 most homologous heavy 
chain variabla region aaquancaa in a rapraaantativa 
collaction of at laast about 10 to 20 distinct human haavy 
chains will ba chosan aa accaptor to provida tha haavy chain 
framework, and aimilarly for tha light chain. Prafarably, 
ona of tha 1-3 moat homologous variabla ragions will ba used. 
Tha aalactad accaptor immunoglobulin chain will moat 
prafarably hava at laaat about 65% homology in tha framework 
ragion to tha donor immunoglobulin. 

Ragardlaas of how tha accaptor immunoglobulin is 
chosan, highar affinity may ba achiavad by salacting a small 
numbar of amino acida in tha framawork of tha humanized 
Immunoglobulin chain to ba tha aama as tha amino acids at 
thoaa positions in tha donor rathar than in tha ac^v *» 
Tha following critaria dafina what amino acids may bo so 
aalactad. Prafarably, at moat or all amino acid positions 
satisfying ona of these critaria, tha donor amino acid will 
in fact ba aalactad. 

Critarion II: If an amino acid in tha framawork of tha human 
accaptor immunoglobulin is unusual (1jJU# "rare - , which aa 
uaad harain indicataa an amino acid occurring at that 
poaition in no mora than about 10% of human haavy 
(raspactivaly light) chain V ragion eequencea in a 
rapraaantativa data bank) , and if tha donor amino acid at 
that poaition is typical for human aaquancaa (JLlBjl, •common*, 
which as usad harain indicatas an amino acid occurring in at 
laast about 25% of aaquancaa in a rapraaantativa data bank) , 
than tha donor amino acid rathar than tha accaptor may ba 
aalactad. Thla critarion halps ansura that an atypical amino 
acid in tha human framawork doaa not disrupt tha antibody 
structura. Moreover, by raplacing an unuaual amino acid with 
an amino acid from tha donor antibody that happens to ba 
typical for human antibodiaa, tha humanized antibody may ba 
made lass immunogenic. 
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Criterion III: In th. position* iaawdiately adjacent to the 
3 COR' o in tha humanized ismunoglobulin chain, the donor ! :|||[ 
aaino acid rathar than acceptor aaino acid may ba selected. ;;:.j|j> 
These amino acids are^partlcularly likely to interact with ' j|£ 
the anino acids in the CDR's and, if chosen from the .Cj 
acceptor, distort the donor CDR's and reduce affinity. ,>Jj 
Moreover, the adjacent anino acids »ay interact directly with" 
the antigen (Aait •£ aL,., Science . 221, 747-753 (1986), which ;'] 
is incorporated herein by reference) and selecting these ■ 
aaino acids froa the donor may be desirable to keep all the 
antigen contacta that provide affinity in tha original 
antibody. 



4ir 



Criterion IVt A 3-di«ensior>al model, typically of tha 
original donor antibody, shows that cartain aaino acids 
outsida of tha CDR's ara olosa to tha CDR's «/ V . *d 
probability of interacting with anino acids in tn* CTW'r 
hydrogan bonding, Van dar Waals forces, hydrophobic 
interactions, ate. At thosa anino acid positions, tha donor 
amino acid rathar than tha accaptor immunoglobulin amino acid jf] 
may ba selected. Amino acids according to this criterion will 
generally have a side chain atom within about 3 angstrom ;*;:. 
units of some site in the CDR's and must contain atoms that j- 



111 



if 



could interact with the CDR atoms according to established 
chemical forces, such as those listed above. Computer 
programs to create models of proteins such as antibodies are 
generally available and well known to those skilled in the 
art (ftftft, Loew Al^, Tnt. J. Quant. Chem.. Quant. BiPli 
Svtttp . . 12:55-66 (19S8); Bruccoleri fit Al*.# HjflLtairft# 222. * 
564-568 (1988); Chothia fit al±, Science. 211*755-758 (1986), 
all of which are incorporated herein by reference) . These do 
not form part of the invention. Indeed, because all 
antibodies have similar structures, the known antibody 
structures, which are available from the Brookhaven Protein 
Data Bank, can be used if necessary as rough models of other 
antibodies. Commercially available computer programs can be 
used to display these models on a computer monitor, to 
calculate the distance between atoms, and to estimate the 
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llkolihood of different amino acids interacting (fifis, Ferrin 
«jfc al^., -T. Mol. Crannies. £:13-27 (1988)). 

Humanized or human-like antibodies generally have 
at least three potential advantages over souse or in sons 
cases chimeric antibodies for use in human therapy t 

1) Because the effector portion is human, it nay 
interact better with the other parts of the human immune 
system f e.o. . destroy the target cells more efficiently by 
complement- dependent cytotoxicity (CDC) or 
antibody-dependent cellular cytotoxicity (AOCC) ) . 

2) The human immune system should not recognize 
the framework or constant region of the humanized antibody as 
foreign, and therefore the antibody response against such an 
injected antibody should be lees than against a totally 
foreign mouse antibody or a partially foreign chimeric • 
antibody. 

3) injected mouse antibodies have been reported 
to have a half-life in the human circulation much shorter 
than the half-life of normal antibodies (D. Shaw a£ aJL., I*. 
Immunol. . 12AS4S34-4S38 (1987)). Injected humanized 
antibodies will presumably .have a half-life more similar to 
naturally occurring human antibodies, allowing smaller and 
less frequent doses to be given. 

The present invention is specifically directed to 
improved humanized immmunoglobulins (e.g., capable of binding 
the human IL-2 receptor) with respect to those described in 
EPA publication no. 0239400. That application, the 
disclosure of which is excluded from coverage herein, 
describes, for certain immunoglobulins, substituting CDR's 
regions in the light or heavy chain variable domains of an 
acceptor antibody with analogous parts of CDR^s (typically 
solvent accessible) from an antibody of different 
specificity. Also, that application discusses, for certain 
immunoglobulins, the possibility of only transferring 
residues that are (solvent) accessible from the antigen 
binding site, which residues apparently may include certain 
framework regions (specifically, residues known to be 
involved in entigen binding as described in Amit et al., 
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Science 231: 747-753 (1986) or perhaps residue* essential for 
inter-chain interactions - but for the selection of which JtM 
insufficient guidance is provided in that application). 1 



Thus, for example, a preferred embodiaent of the present 
invention entails substituting entire CDR's and framework 



•if 

XI 

.a 



ii: 1 



amino acids imaediataly adjacent one (or preferably each) of ;^ 
the CDR's. In general, any framework residue that also nkM| 
contact with the CDR's to, e.g., maintain their conformation "' ' 
(and usually their antigen binding specificity) are 
specifically included within preferred embodiments of the 
pressnt invention as described in detail, auoxft. ;f 
In one aspect, the present invention is directed to * 
recombinant DMA segaenta encoding the heavy and/or light 
chain CDR's (typically with other amino acid residues as T| 
described above) from an immunoglobulin capable of binding to | 
a desired epitope, such as on the human 1L-2 • . g. , ^ 

the anti-Tac monoclonal antibody). The DMA segments an-~" 
these regions will typically be joined to DNA segments 
encoding appropriate human-like framework regions, ror 
example, the preferred DMA sequences, which on expression 
code for the polypeptide chains comprising the anti-Tac h « avv i£ 
and light chain hypervariable regions (with human-like 
framework regions), are shown in Figures 3 and 4, 
respectively. Due to codon degeneracy and non-critical 
amino-acid substitutions, other DMA sequences can be readily 
substituted for those sequences, as detailed below. 

The DMA segaents will typically further include an 
expression control DMA sequence operably linked to the human- 
like antibody coding sequences, including naturally- 
associated or heterologous promoter regions. Preferably, the 
expression control sequences will be eukaryotic promoter 
systems in vectors capable of transforming or transf acting 
eukaryotic host cells, but control sequences for prokaryotic 
hosts may also be used. Once the vector has been 
incorporated into the appropriate host, the host is 
maintained under conditions suitable for high level 
expression of the nucleotide sequences, and, as desired, the 
collection and purification of the light chains, heavy 
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chain*, light/heavy chain diaera or intact antibodies, 
binding fragmenta or other immunoglobulin forme may follow. , j 
Hum*n constant region DNA aequences can ba iaolatad . 
in accordanca with wall known procaduraa from a variaty of 
human cells, but preferably immortalized B-cells (aejft, Kabat 
AH. cit. and WP87/02671) . For example, the human kappa 
immunoglobulin constant and J region genes and sequences are 
described in Heiter et al., Call 22:197-207 (1980) and the 
nucleotide sequence of a human immunoglobulin gene is 
described in Ellison et al., MUSJL nClfl. EM- 1A»4071 (1982), 
both of which are incorporated herein by reference. The 
CDR'a for producing the immunoglobulins of the present 
invention will be similarly derived from monoclonal 
antibodies capable of binding to the desired antigen (e.g., 
the human IL-2 receptor) and produced in any convenient 
mammalian source, including, mice, rats, rabbits, • • 
veterbrate capable of producing antibodies by well Known 
methods. Suitable source cells for the DMA sequences and 
host cells for immunoglobulin expression and secretion can be 
obtained from a number of eourcea, such as the American Type 
culture Collection ("Catalogue of Cell Lines and Hybridomas," 
Fifth edition (1985) Rockville, Maryland, U.S.A., which is 
incorporated herein by reference) . 

In addition to the human-like immunoglobulins 
specifically described herein, other "substantially 
homologous" modified immunoglobulins can be readily designed 
and manufactured utilizing various recombinant WA techniques 
well known to those skilled in the art. For example, for the 
IL-2 receptor immunoglobulins the framework regions can vary 
from the sequences in Figures 3 and 4 at the primary 
structure level by several amino acid substitutions, terminal 
and intermediate additions and deletions, and the like. 
Moreover, a variety of different human framework regions may 
be used singly or in combination as a basis for the human- 
like immunoglobulins of the present invention. In general, 
modifications of the genea may be readily accomplished by a 
variety of well-known techniques, such as site-directed 
mutagenesis f aea , Cillman and Smith, Sana £: 81-97 (1979) and 
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(1987) , both of which 



RobertB, S. at al, HatllTft 22ft » 73 1-734 
are incorporated harain by rafarence) . 
Alternatively, polypeptide fragaente eoapriaing only a 
portion of the primary antibody atructura nay ba produced, 
which fragnanta poaaaaa ona or aore iaaunoglobulin activitiaa | 

( 



m 



conpleaent fixation activity) . Alao bacauaa like ■anyijj 



KG 



ganaa, tha iaaunoglobulin-related ganaa contain aaparata 
functional regione, aach having ona or aora diatinct 
biological activitiaa, tha ganaa aay ba fuaad to functional 
ragiona froa othar ganaa (ff_JU, enzyaea, Mfl, coaaonly 
aeaignad U.S. S.N. 132,387, filad Dac. 15, 1987, which ia 
incorporatad harain by rafaranca) to produca fuaion protaina rA 
( e.g. , iaaunotoxina) having noval propartiaa. 

Tha nuclaic acid aaquancaa of tha praaant invantion ;? 
capabla of ultiaataly axpraaaing tha daairad huaan-like 
antibodiaa can ba foraad froa a variaty of dif,"~r < 
polynuclaotidaa (genomic or cDNA, RHA, aynthatic 
oligonuclaotidac, ate.) and coapononta (RaO*., V, J, 0, «•*♦. t 
ragiona), aa wall aa by a variaty of diffarant tachniquaa. 
Joining appropriata ganoaic aaquancaa ia praaantly tha aoet 
coaaon aathod of production, but cOHA aaquancaa aay alao ba 
utilized (ifia, European Patant Publication Ho. 0239400 and 
Raichaann, L. , at al., Mollin 2221323-327 (1988), both of . 
which ara incorporatad harain by rafaranca) . 

Aa atatad pravioualy, tha DHA aaquancaa will ba 
axpraaaad in hoata after tha aaquancaa hava been operably 
linked to ( i.e. . poaitioned to enaure the functioning of) an 
axpreaaion control aequence. Theae axpreaaion vectora are 
typically replicable in the hoat organiaaa either aa epiaoaea 
or aa an integral part of the hoat chroaoaoaal DHA. 
Coaaonly, axpreaaion vectora will contain aeleetlon aarkere, 
•.a. , tetracycline or neoaycin, to perait detection of thoae 
cella tranaforaed with the deaired UNA aequencea (afifl, UL» 
U.S. Patent 4,704,362, which ia incorporated herein by 
reference) . 

Z. coll ia one prokaryotic hoat uaaful particularly 
for cloning tha DMA aequencea of the preeant invention. 
Other aicrobial hoata auitable for uae include bacilli, euch 
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a. BflCillllft alittllH** and other sntarobacteriaceaa . such a. 

galaflnaUft . fifirraUfl. and various pruuflQwonag epeciee. xn 

these prokaryotic hosts, ona can also sake axprassion 
vectors, which will typically contain axprassion control 
ssqusncas compatible with tha host call Uusu, an origin of 
raplication) . In addition, any nuaber of a variaty of well- 
Jcnown pronotars will ba present, such as tha lactosa proaoter 
ayetaa, a tryptophan (trp) proaoter systea, a beta-laetaaase 
promotar systea, or a proaoter systea from phage lambda. Tha 
proaoters will typically control axprassion, optionally with 
an oparator saguanca, and hava ribosoaa binding sita 
saguancas and tha like, for initiating and coapleting 
transcription and translation. 

Othar aicrobaa, such as yaast, nay also ba usad for 
axprassion. ^eharomvcaa is a prafarrad host, with suitabla 
vactors having axprassion control saguancas, such ..- 
proaoters, including 3-phosphoglycarata kinasa or otn-* 
glycolytic anzyaas, and an origin of raplication, tarainat... .. 
saguancas and tha lika as dasirad. 

In addition to microorganisms, mammalian tissua 
call cultura may also ba usad to axprass and produca tha 
polypaptidas of tha prasant invantion (ftftft, Winnackar, "From 
Canas to clones," VCH Publishers, H.Y., H.Y. (1987), which is 
incorporated harein by rafarence) . Eukaryotic cells are 
actually preferrad, because a nuabar of suitable host cell 
lines capable of sscreting intact iaaunoglobulins have been 
developed in the art, and include the CHO cell lines, various 
cos cell lines, HeLa cells, myeloma cell lines, etc, but 
preferably transformed B-cells or hybridoaas. Expression 
vectors for these cells can include expression control 
seguences, such as an origin of raplication, a proaoter, an 
enhancer (Queen, C, et al., Immunol. RttV. (1986), 
which is incorporated harain by reference) , and necessary 
processing information sites, such as ribosoaa binding sites, 
UNA splice sites, polyadenylation sites, and transcriptional 
terminator seguences. Preferred expression control seguences 



are 



proaoters derived from SV40 with enhancer (see, Mulligan 
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and B*rg, gglgngfl 222:1422-1427 (1980), an imaunglobulin 
gene, Adenovirue, Bovlna Papilloma Virus, and tha like. 

The vactora containing tha ONA eegaento of interestL 
( e.g. . tha haavy and light chain ancoding aaquancea and iM 
expresaion control aequences) can be traneferred into tha, : : .|| 
hoat call by wall-known methode, which vary dapanding on **»«|| 
typa of cellular hoat. Por example, calcium chlorida 
tranafaction ia commonly utilired for prokaryotic cells, 
vharaaa calciua phoaphata treatment or alactroporation may bail 
uaad for othar callular hoata. (Sfis, gcnerPllY/ Kaniatia , at|| 
al., wni^iar ciflninsu * Laboratory Manual, Cold Spring ||;| 
Harbor Praae, (1982), which ia incorporatad harain by ^jj 
rafaranca.) 

Onca expreaeed, tha whola antibodiaa, thair dimera,^ 
individual light and haavy chaina, or othar immunoglobulin 
forma of tha praaant invantion can ba purlflc." r . ■ - ." "7 to $ 
atandard procaduraa of tha art, including ammoniu- eul/»-*.» 
praclpitation, affinity columne, column chroaatograph> , 
alactrophoraaia and tha like (gfifl, generally. Scopes, R., 
»™t»in Purification , Springar-Varlag, M.Y. (1982)). 
Subatantially pura immunoglobulina of at laaat about 90 to 
95% homogeneity are preferred, and 98 to 99% or more 
homogeneity moat preferred, for pharmaceutical ueea. Once 
purified, partially or to homogeneity ae deaired, the 
polypeptidea may than be uaad therapeutically (including 
axtracorporaally) or in developing and performing aaaay 
procaduraa, immuno fluorescent ataininga, and tha like, (fiat., 
generally . T""""" 1 " q<eal Methoda. Vole. I and IX, Lafkovita 
and Pernia, ada., Academic Preaa, Hew York, H.Y. (1979 and 

1981) ) . "~ 

The 1I/-2 receptor apecific antibodiaa exemplified 
in the preaent invention will typically find uae individually 
in treating a T-cell mediated diaaaee atate. Generally, 
where the cell linked to a diaaaee haa been identified aa XL- u 
2 receptor bearing, then the human-like antibodiaa capable of [, 
blocking the binding of XL-2 to the human IL-2 receptor are ; 
auitable (if£, O.S.S.H. 085,707, entitled -Treating Human 
Malignanciea and Dieordera," which ia incorporatad herein by £ 
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rafaranca) . For axampla, typical diaaaaa atataa auitabla tor 
traatmant lneluda graft varaua hoat diaaaaa and tranaplant 
raj action In p*tianta undargoing ah organ tranaplant, auch aa 
haart, lunga, kidneye, livar, ate. Othar dlaaaaaa includa 
autoimmuna dlaaaaaa, auch aa Typa I diabataa, multipla 
aclaroaia, rhauaatoid arthritia, eyatamic lupua 
arythaaatoaua, and myaathania gravia. 

Tha human-lika antibodiaa of tha praaant invantion 
may alao ba uaad In combination with othar antibodiaa, 
particularly human monoclonal antibodiaa raactiva with othar 
markara on calla raaponaibla for tha diaaaaa. Por axampla, 
auitabla T-call markara can includa thoea groupad into tha 
ao-callad "Cluatare of Diffarantiation," aa namad by tha 
Firat intarnational Laukocyta Diffarantiation workahop, 
T^uteoevta Typing . Barnard, at al., Eda., Springar-Varlag, 
N.Y. (1984), which ia incorporatad harain by raf a . ... 

Tha antibodiaa can alao ba uaad aa aaparat«<.y 
adminiatarad compoaitiona givan in conjunction with 
chamotharapautic or imaunoeuppraaoiva aganta. Typically, tha 
aganta will includa cycloaporin A or a purina analog (IlSU, 
mathotraxata, 6-marcaptopurina, or tha lika) , but numaroua 
additional aganta f a. a. . cyclophoaphamido , pradniaona, ate.) 
wall-known to thoaa akillad in tha art may alao ba utilirad. 

h praf arrad phaxmacautical compoaition of tha 
praaant invantion compriaaa tha uaa of tha aubjact antibodiaa 
in immunotoxina. Xmmunotoxina ara characterized by two 
componanta and ara particularly uaaful for killing aalactad 
calla In yitro or In vivo - Ona componant ia a cytotoxic 
agant which ia uaually fatal to a call whan attachad or 
abaorbad. Tha aacond componant, known aa tha "delivery 
vehicle," providaa a aaana for dalivaring tha toxic agant to 
a particular call typa, auch aa calla compriaing a carcinoma. 
Tha two componanta ara commonly chamically bonded togathar by 
any of a variaty of wall-known chamical procaduraa. For 
axampla, whan tha cytotoxic agant ia a protoin and tha aacond 
componant ia an intact immunoglobulin, tha linkaga may ba by 
way of hatarobifunctional croaa-linkara, fi^SU, SPDP, 
carbodiimida, glutaraldahyda, or tha lika. Production of 
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various imminotoxino is well-known with the art, and can be 
found, for example in -Monoclonal Antibody-Toxin Conjugate* ijjjj 
Aiming the Magic Bullat," Thorpa at el, npnoclPnflJ i nnt i bpd ,l ts| | J 
1n r n w ^,l Medicine. Academic Praaa, pp. 168-190 (1982), 
5 which ia incorporated herein by reference. 

A variety of cytotoxic agente are suitable for «M«;'5jjt| 
in immunotoxina. Cytotoxic agents can include 
radionuclides, such as Iodine-131, Yttriu«-90, Rhenium-188, ^| 
and Bismuth- 2 12; a number of chemotherapautic drugs, , such ™-<M 
10 vindesine, methotrexate, adriamycin, and cieplatinm; and ,\M 
cytotoxic proteins such ee ribosoaal inhibiting proteins li*s p' 
pokeweed antiviral protein, pseudomonas exotoxin A, ricin, ;Ji|j| 
diphtheria toxin, ricin A chain, etc. , or an agent active at 
the cell surface, such as the phospholipaae enzymes (e^jSj., ' 
15 phospholipaae C) . (fifta, generally, commonly assigned 

U.S. S.N. 07/290,968 filed December 28, 1988), m f .'. • 'm^ 
Toxins," Olsnes and Phil, PtinraflC. TJUXj., 2m**-*»? 
and "Monoclonal Antibodies for Cancer Detection and Th.w- . 
eds. Baldwin and Byers, pp. 159-179, 224-266, Academic Press 
20 (1985), all of which are incorporated herein by reference.) . & 
The delivery component of the immunotoxin will i'dpl 
include the human-like immunoglobulin* of the preeent 
invention. Intact immunoglobulins or their binding 
fragaenta, such ae Fab, are preferably used. Typically, | 
25 antibodiea in the immunotoxins will be of the human IgM or 
IgG isotype, but other mammalian constant regions may be 
utilized as desired. 

The human-like antibodies and pharmaceutical 
compositions thereof of thia invention are particularly 
30 uaeful for parenteral administration, i^, aubcutaneously,, 
intramuscularly or intravenously. The compc?:itione for 
parenteral administration will commonly coapriaa a solution 
of the antibody or a cocktail thereof dieaolved in an accept- 
able carrier, preferably an aqueous carrier. A variety of 
35 aqueous carriera can be used, fi^., water, buffered water, 

0.4% aalina, 0.3% glycine and the like. Theae solutions are 
sterile and generally free of particulate matter. These 
compositions may be sterilized by conventional, well known 
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sterili*ation techniques. The compositions may contain 
pharmaceutical^ acceptable auxiliary substances as required 
to approximate phyaiological condition* such no pH adjusting 
and buffaring aganta, toxicity adjuating aganta and tha like, 
for example sodium acetate, sodium chloride, potassium 
chloride, calciua chlorida, aodiua lactate, ate. Tha 
concantration of antibody in thaaa f ormulations can vary 
widely, LJU, from laaa than about 0.5%, uaually at or at 
laaat about 1% to as much as 15 or 20% by waight and will ba 
salactad priaarily baead on fluid voluaea, viacositiee, etc., 
in accordance with tha particular aoda of adminietration 
salactad. 

Thua, a typical pharmaceutical compoeition for 
intraauacular injection could be made up to contain 1 «1 
aterile buffered water, and 50 ag of antibody. A typical 
coapoaition for intravenoua infusion could be aadc < 
contain 250 ml of aterile Ringer 'a aolution, and 150 ~« af 
antibody. Actual aethoda for preparing parenterally 
adainiatrabla coapoaitiona will be known or apparent to thoae 
skilled in the art and are deacribed in aore detail in, for 
exaaple, p«-<tirt 0 n'i Ph«f acsutlcal Science. 15th ed., Mack 
Publiahing Coapany, Beaton, Penneylvania (1980) , which ia 
incorporated herein by reference. 

The antibodiaa of thia invention can be lyophilized 
for atorage and raconatituted in a auitable carrier prior to 
use. Thia technique has been shown to be effective with 
conventional imaune globulina and art-known lyophilitation 
and reconatitution techniquea can be employed. It will be 
appreciated by thoae skilled in the art that lyophilisation 
and reconatitution can lead to varying degreea of antibody 
activity loae f a. a. . with conventional iaaune globulina, IgM 
antibodiaa tend to have greater activity loss than IgC 
antibodiaa) and that use levels aay have to be adjusted to 
compensate. 

The compositions containing the present human-like 
antibodiaa or a cocktail thereof can be adainiatared for 
prophylactic and/or therapeutic treataenta. In therapeutic 
application, coapoaitiona are administered to a patient 
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already suffering from a disease, in an aaount aufficiant to:$j 
cura or at least partially arraat tha diaaaaa and ite 
complications. An aaount adaquata to accomplish this ia 
dafinad aa a "therapeutically effective dose." Amounts 
5 effective for thia uaa will dapand upon tha severity of tha 
inf action and tha ganaral atata of tha patient's own immune j 
system, but ganarally ranga from about 1 to about 200 ag of , 
antibody par dose, with doaagaa of from 5 to 23 ag par 
patiant baing mora commonly uaad. It muat ba leapt in mind j 
10 that tha matariala of thia invantion may ganarally ba 

employed in aarioua diaaaaa atates, that ia lifa-thraataning 
or potantially lifa-thraataning aituationa. In such casaa, 
in viaw of tha minimisation of axtranaoua subatancaa and tha • 
lowar probability of "foreign substanca" rajactions which arm 
15 achiavad by tha prasant human-like antibodias of thia in- 
vantion, it ia poaaibla and may ba fait deairrM ' >~ 
traating phyaician to adainiatar substantial tx^^i 
thasa antibodies. 

In prophylactic applications, compoaitiona 
20 containing tha praaant antibodies or a cocktail tharaof ara 
adainistarad to a patiant not alraady in a diaaaaa atata to ; 
anhanca tha patiant* s rasistanca. Such an amount is dafinad 
to ba a "prophylactically affactiva doaa." In thia uaa, tha 
praciaa amounts again dapand upon tha patiant* a atata of 
25 haalth and ganaral laval of immunity, but ganarally ranga 
from 0.1 to 25 mg par doaa, aapacially 0.5 to 2.5 ag par 
patiant. A prafarrad prophylactic uaa ia for tha pravantion 
of kidnay transplant raj act ion. 

Singla or multiple adainistrationa of tha 
30 compoaitiona can ba carried out with doaa levela and pattern 
baing eelected by tha traating phyaician. In any event, the 
pharmaceutical formulations should provide a quantity of the 
antibody (iea) of this Invention sufficient to effectively 
treat the patient. 
35 Human-like antibodies of the present invention can 

further find a wide variety of utilities In Xl££fi* By way of 
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example, the exemplary antibodiaa can be utilitad for *-cmlljg 
typing, for iaolating specific IL-2 receptor bearing cells or 



BEST AVAILABLE COPY 



4 

M 

• . *. * 

■1*5 



•I 

!i 



A; 

fragments of the receptor, for vaccina preparation, or the 
••j<< t like. 

V s For diagnoatic purposes, tha antibedie* Bay aithar 

be labeled or unlabeled. Unlabeled antibodies can be uaed in 
5 combination with other labeled antibodies (second antibodies) 
that are reactive with the human-like antibody, such as anti- 
bodies specific for human immunoglobulin constant regions. 
Alternatively, the antibodies can be directly labeled. A 
vide variety of labels may be employed, such as 
10 radionuclides, fluors, enzymee, enzyme substrates, enzyme co- 
factors, enzyme inhibitors, ligands (particularly haptens) , 
j etc. Humorous types of immunoassays are available and are 

veil known to thoee skilled in the art. 
i 1 Kits can also be supplied for use with the subject 

13 antibodies in the protection against or detection of a 
| cellular activity or for the presence of a selected s* . ' *. 

j Thus, the subject antibody composition of the present. 

! invention may be provided, usually in a lyophilized form i>. - 

!;.. container, either alone or in conjunction with additional 
20 antibodies specific for the desired cell type. The 
I antibodies, which may be conjugated to a label or toxin, or 

unconjugated, are included in the kits with buffers, such as 
\ Tris, phosphate, carbonate, etc., stabilizers, biocides, 

inert proteins, sua*., »««™ albumin, or the like, and a set 
25 of instructions for use. Generally, these materials will be 
present in less than about 5% wt. based on the amount of 
active antibody, and usually present in total amount of at 
least about 0.001% wt. based again on the antibody 
! concentration. Frequently, it will be desirable to include 

30 an inert extender or excipient to dilute the active 

ingredients, where the excipient may be present in from about 
1 to 99% wt. of the total composition. Where a second 
antibody capable of binding to the chimeric antibody is 
employed in an assay, this will usually be present in a 
33 separate vial. The second antibody is typically conjugated 

to a label and formulated in an analogoua manner with the 
< antibody formulations described above. 
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Tho following axamplas ars of farad by way of 
Illustration, not by limitation. 

EXPERIMENTAL 

5 nmniar\ of qmnmm for huaan-lika lioht and hSftW Chainff 

Tha aaquanca of tha human antibody Eu (Saquancas of 
Protaina of Immunological Intaraat, Rabat, E., at al., U.S. 
Dapt. of Haalth and Hunan Sarvicas, 1983) waa uaad to provida 
tha framawor* of tha humani«ad antibody, bacausa tha amino 

10 acid aaquanca of tha haavy chain of anti-Tac la mora 

homologous to tha haavy chain of this antibody than to any 
othar haavy chain aaquanca in tha National Biomadlcal 
Foundation Protain Idantification Raaourca. 

To salact tha aaquanca of tha humanizad haavy 

15 chain, tha anti-Tac haavy chain aaquanca (ftfifi, commonly ; | 
aaaignad U.S. S.N. f s 186,662 and 223,037, whir* 5* 
incorporatad harain by rafaranca) was aligned vit^ tha rU 
aaquanca of the Eu haavy chain (Figura 1) . At aach ^ 
position, tha Eu amino acid was salactad for tha human i tad r " 

20 soquanca, unlaas that position fall in any ona of tha 

following catagoriaa, in which caaa tha anti-Tac amino acid 
waa aalactad. 

(1) Tha position fall within a complamantarity : !j 
datarmining ragion (COR) , aa daf inad by Kabat, ,< 

25 at al., fiB« filfc* (amino acids 31-35, 50-66, : jj 

99-106); 

(2) Tha Eu amino acid was unusual for human haavy 
chains at that poaition, wharaaa tha anti-Tac 
amino acid waa typical for human haavy chains ' 

30 at that poaition (amino acids 27, 93, 95, 98, Y 

107-109, 111)1 ;i 

(3) Tha position was immadiataly adjacant to a CDR ]\ 
in tha amino acid aaquanca of tha* anti-Tac V 
haavy chain (amino acida 30 and 67) • ! j|; 

35 (4) 3-dimanaional modaling of tha anti-Tac t ^ 

• * v 

antibody suggaatad that tha amino acid was .'J 
physically closa to tha antlgan binding region ; 
(amino acids 48 and 68) . 
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Son aaino acid* fall in «ort than ona of tha.a catagoriaa 
but ara only liatad in ona. 

To aalact tha aaquanca of tha hunanizad light 
chain, tha anti-Tac light chain aaquanca waa alignad with tha 
aaquanca of tha Eu light chain (Figura 2). Tha Eu amino 
acid waa aalactad at aach poaition, unlaaa tha poaition again 
fall into ona of tha catagoriaa (1) - (4), (with light chain 
raplacing haavy chain in tha catagory daf initiona) t 

(1) CDRa (amino acida 24-34, 50-56, 89-97). 

(2) Anti-Tac aaino acid mora typical than Eu 
(aaino acida 48 and 63). 

(3) Adjacant to CDRa (no aaino acida; Eu and 
anti-Tac wara alraady tha aaaa at all thaaa 
position*) . 

(4) poaaibla 3-dinanaional proximity to binding 
ragion (aaino acid 60) . 

Tha actual nuclaotida aaquanca of tha haav, 
(Figura 3) and light chain (Figura 4) ganaa wara aalactad 
follow* t 

(1) tha nuclaotida aaquancaa coda for tha aaino 
acid aaquancaa choaan aa daacribad abova. 

(2) 5* of thaaa coding aaquancaa, tha nuclaotida 
aaquancaa coda for a laadar (aignal) aaquanca, 
naaaly tha laadar of tha light chain of tha 
antibody KOPC 63 and tha laadar of tha haavy 
chain of tha antibody PCH 108A (Kabat at al., 
fiS* cit.K Thaaa laadar aaquancaa wara choaan 
aa typical of antibodiae. 

(3) 3* of tha coding aaquancaa, tha nuclaotida 
aaquancaa ara tha aaquancaa that follow tha 
aouaa light chain J5 aagaant and tha aouae 
haavy chain J2 aagaant, which ara part of tha 
anti-Tac aaquancaa. Thaaa aaquancaa ara 
includad bacauaa thay contain aplica donor 
signals. 

(4) At aach and of tha aaquanca ia an Xba I aita 
to allow cutting at tha Xba I aitaa and 
cloning into tha Xba I aita of a vactor. 



■4 



BEST AVAILABLE COPY 



3$ 



I 

it? 



il 

'it 



.1? 



I 

H 



jij « 

T T 

H 



i: 



WO90/07S41 



PCT/USOT/05857 



10 



13 



20 



23 



30 



33 



28 



' • SI- , 

, 

■'.'■jjH! 



^n^ruetion nf hi«»ni*ed Hoht and nunvv cha i n gsncit 

To synthesize the haavy chain, four 
oligonucleotides HES12, HSS13 , HES14, HKS15 (Figure 5A) wti| 
aynthasizad using an Applied Bio.ysteas 380B DMA synthesizer^ 
Two of tha oligonuclaotidaa are part of each strand of the .j^jj- 
heavy chain, and each oligonucleotide overlap* the next one 
by about 20 nucleotides to allow annealing (Figure 5B) . 
Together, the oligonucleotides cover the entire human i ted 
heavy chain (Figure 3) with a few extra nucleotides at each 
end to allow cutting at the Xba I sites. The 
oligonucleotides were purified fro» polyacrylamide gels. 

Each oligonucleotide was phosphorylated using ATP 
and T4 polynucleotide Kinase by standard procedures (see., 
Manlatis, ©p.. dt.). To anneal the phosphorylated .5; 
oligonucleotides, they were suspended together in 40 ul of TA| 
(33 *H Trie acetate, pH 7.9, 66 iM potassiua •rv • .-• ■* 
sagnesiua acetate) at a concentration of about Z..Z uM «ach 
heated to 93 deg for 4 »in. and cooled slowly to 4 de*. 
synthesize the coaplete gens f ros the oligonucleotides by 
synthesizing the opposite strand of each oligonucleotide 
(Figure 5B), the following components were added in a final 
voluae of lOOul: 



• • •** \ 



10 Ul 

0.16 mM aach 
0.5 mH 
0*5 mM 
100 ug/ml 
3.3 ug/ml 
25 ug/ml 

25 ug/ml 



anneal ad oligonuclaotidaa 

deoxyribonucleotide 

ATP 

DTT 

BSA 

T4 g43 protain (DNA polymarasa) 

T4 g44/62 protain (polymaraaa 

accaaaory protain) 

45 protain (polymaraaa accaaaory 

protain) 
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Tha mixtura vaa incubatad at 37 dag for 30 min. 
Than 10 u of T4 DNA ligaaa vaa addad and incubation at 37 dag 
raaumed for 30 min. Tha polymaraaa and ligaaa vara 
inactivatad by incubation of tha raaction at 70 dag for 
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15 Bin. To digeat the gene with Xba 1, to the reaction was 
added 50 ul of 2x TA containing BSA at 200 ug/al and DTT at 1 
KM, 43 ul of water, and 50 u of Xba I in 5 ul. Tha raaction 
was incubatad for 3 hr at 37 dag, and run on a gal. Tha 431 
bp Xba I fragaant was purified from a gal and clonad into tha 
Xba 1 aita of tha plaeaid pUC19 by atandard aethoda. Pour 
plaeaid iaolataa vara purifiad and aaquancad uaing tha 
didaoxy aethod. On* of these had tha corract aaquanca 
(Figure 3) . 

To eyntheaize tha light chain, four 
ollgonuclaotldaa JFD1, JFD2, JPD3, JFD4 (Figura 6A) vara 
eyntheaized. Two of tha ollgonuclaotldaa ara part of aach 
atrand of tha light chain, and aach oligonuclaotida ovarlaps 
tha naxt ona by about 20 nuclaotidaa to allow annaaling 
(Plgura 6B) . Togathar, tha ollgonuclaotldaa covar tha antira 
human ir ad light chain (Plgura 4) with a faw axtra -v.r . *• *~ 
at aach and to allow cutting at tha Xba I aitaa. Tu*. 
oligonucleotides vara purifiad froa polyacrylaaida gala. 

Tha light chain gana vaa aynthaaizad from thasa 
olignuclaotidaa in two part*. 0.5 ug aach of JP01 and JTD2 
vara combinad in 20 ul aaquanaaa buffar (40 aM Tria-HCl, pH 
7.5, 20 KM aagneelua chlorida, 50 aM aodium chlorida) , haatad 
at 70 dag for 3 Kin and allovad to. cool alovly to 23 dag in 
ordar for tha ollgonuclaotldaa to anneal. JP03 and JP04 vara 
traatad in tha aane way. Each raaction waa nada 10 KM in DTT 
and 0.5 KM in aach daoxyribonuclaotida and 6.5 u of aaquanaaa 
(US Biochenicala) waa added", in a final voluna of 24 ul, and 
incubatad for 1 hr at 37 deg to aynthaaira tha oppoaita 
atranda of tha ollgonuclaotldaa. Xba I and Rind III vara 
addad to aach raaction to digaat tha DMA (thara la a Hind III 
sita in tha region where JFD2 and JFD3 overlap and therefore 
in each of the syntheaized DNAbj Figure 6B) . The reactiona 
were run on polyacrylaaida g*ls, and the Xba I - Hind III 
fragaanta were purified and cloned into pUC18 by atandard 
aethods. Several plasaid isolatee for aach fragaant war* 
eequenced by the didaoxy aethod, and corract onaa choaan. 
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' ^tructin g r * r n.«»4d« to fjoariM hinnnnlrid l i ght and htavVj 

The heavy "chain Xba 1 fragment was iaolatad from j|| 
tha pUC19 plasmid in vhich it had bean inserted and than /f 1 -' 
inserted into the Xba I site of the vector pV 7 l (lit, 
commonly assigned U.S.S.H. 223,037) in the correct 
orientation by standard »ethods, to produce the plasmid 
pHuCTACl (Figure 7) . This plasmid will express high l«v«l»; 
of a complete heavy chain whan tranaf acted into an 
appropriate host call. '. % 

The two light chain Xba I - Hind 111 fragments wereg 
isolated from the pUCia plasmids in which they had been ' 
inserted. The vector plasmid pV«l (lfli, commonly assigned 
U.S.S.H. 223,037) was cut with Xba I, dephosphorylated and ^ 
ligated with the two fragmenta by standard methods. The [4 
desired reaction product haa the circular fo-v «" - - Xba 
I - fragment 1 - Hind III - fragment 2 - Xba I ,"%ctcr. 1 
Several plasmid iaolatea ware analyzed by restriction . . 
and sequencing, and one with this form chosen. This plasmid, 
pHuLTAC (Figure 8) , therefore contains the complete humanized^ 
light chain (Figure 4) and will express high levels of the m 
light chain when transf acted into an appropriate hoat call."'^ ; 



gyjnthesjj and affinity of humanized antibody 



The plasmids pHuCTACl and pHuLTAC ware transfected 
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into mouse Sp2/0 cells, and cells that integrated the 
plasmids were selected on the basis of resistance to 
mycophenolic acid and/or hygromycin B conferred by the gpt 
and hyg genes on the plasmids (Figures 7,8) by standard 
methods. To verify that these cells secreted antibody that 
binds to the 1L-2 receptor, supernatant from the cells was 
incubated with HUT-102 cells that are known to express the 
1L-2 receptor. After waahing, the cells were incubated with ,;| 
fluoreacein-conjugated goat anti-human antibody, waahed, and ■* 
analyzed for fluorescence on a FACSCAH cytofluorometer. The ] 
results (Figure «A) , clearly show that the humanized antibody ; 
binds to these cells, but not to Jurkat T-cells that do not 
express the IL-2 receptor (Figure 9D) . As controls, the 
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IM jil; original souae anti-Tac antibody was also usad to atain thaaa 

calla (Figura 9B,C), giving similar raaulta. 

For further experiments, calla producing tha 
humanized antibody ware injactad into sice, and tha raaultant 
5 aacitaa collactad. Humanized antibody waa purifiad to 

substantial homogeneity from tha aecitea by paaaaga through 
an affinity column of goat anti-human immunoglobulin 
antibody, praparad on an Aff igal-10 support (Bio-Rad 
Laboratories, Inc., Richmond, CA) according to standard 
10 tachniquaa. To determine tha affinity of tha humanized 
antibody ralativa to tha original anti-Tac antibody, a 
competitive binding experiment was performed. About 5 X 
HOT-102 calla vara incubatad with known quantitiaa (10 - 
ng) of tha anti-Tac antibody and tha huaanizad anti-Tac 
15 antibody for 10 min at 4 dag. Than 100 ng of biotinylatad 
anti-Tac waa addad to tha calla and incubatad for 3? 
dag. Thia quantity of anti-Tac had pravioualy baan 
determined to ba sufficient to aaturata tha binding aitaa 
tha calla, but not to ba in larga axcasa. Than tha calla 
1 20 vara washad twica with 2 ml of phoaphata buf farad salina 
(PBS) containing 0.1% sodium azida. Tha calla vara than 
incubatad for 30 Bin at 4 dag with 250 ng of 
phycoarythr in-con jugatad avidin, which bound to tha 
biotinylatad anti-Tac alraady bound to tha calla. Tha calls 
25 wara washad again as above, fixad in PBS containing 1% 

paraforsaldahyda, and analyzed for fluorascanca on a FACSCAN 
cytof luorosater . 

Uaa of incraaaing aaounts (10 - 40 ng) of tha 
anti-Tac antibody as competitor in tha first stap dacraased 
30 tha asount of biotinylatad anti-Tac that could bind to tha 
calls in tha sscond stap, and tharafora tha asount of 
phycoarythr in-con jugatad avidin that bound in tha last stap, 
thus dacraaaing fluoraacanca (Figura 10A) . Equivalant 
amounta (20 ng) of anti-Tac, and huaanizad anti-Tac uaad as 
• 35 competitor dacraasad tha fluorascanca to approximately tha 
sasa dagraa (Figura 10B). This shows that thaaa antibodias 
! hava approximately tha sasa affinity (within 3 to 4 fold) , 

1 becauae if ona had such graatar affinity, it would hava more 
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affactivaly cospettd with tha biotinylatad anti-Tac, thus , ;i 3; 
dacraaaing fluoraacanca aora. | ; jj|H 

ploloaical proMrtl ai of tha hunanlzad antibody h[Sj| : 
5 For optiaal uaa in traataant of huaan diaaaaa, tha ^j* 

hunanized antibody ahould b« abla to daatroy T-calla in tha 
body that axpraaa tha IL-2 racaptor. Ona aachaniaa by which 
antibodiaa aay daatroy targat calla ia antibody-dapandant 
call-aadiatad cytotoxicity, abbraviatad AOCC (Flindaaentfll 

10 Iraunoloav . Paul, W. , Ed., Ravan Praaa, Naw York (1984), at .^ 
pg. 681), in which tha antibody foraa a bridga batwaan tha J| 
targat call and an af factor call auch aa a aacrophaga that 
can lyaa tha targat. To dataraina whathar tha huaanisad i\: 
antibody and tha original aouaa anti-Tac antibody can aadiata. J 

15 AOCC, a chroaiua ralaaaa aaaay vaa parforaad by atandard '•{'$ 
aathoda. Spacif ically, huaan laukaaia HUT-IC; < Ash ^ 

axpraaa tha IL-2 racaptor, vara incubatad with :i cr to r" 1 — ' v 
thaa to abaorb thia radlonuclida. Tha HUT-102 calla ^ 
than incubatad with an axcaaa of aithar anti-Tac or huaanisad^ 

20 anti-Tac antibody. Tha HUT-102 calla wara naxt incubatad for) 1 
4 hra with aithar a 30s 1 or 100s 1 ratio of af factor calla, :*j 
which wara noraal purifiad huaan paripharal blood aononuclaar^ 
calla that had baan activatad by incubation for about 20 hra - 
with huaan racoabinant 1L-2. Ralaaaa of w Cr, which indicatad ! 

25 lyaia of tha targat HUT-102 calla, waa aaaaurad and tha 

background aubtractad (Tabla 1). Tha raaulta ahow that at 
aithar ratio of af factor calla, anti-Tac did not lyaa a 
aignificant nuabar of tha targat calla (laaa than 5%), whila ~ 
tha huaanisad antibody did (aora than 20%). Hanca, tha 

30 huaanizad antibody ia likaly to ba aora efficacioua than tha : 
original aouaa antibody in traating T-call laukaaia or othar « 
T-call aadiatad diaaaaaa. 
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TABLE 1 

Percent M Cr releaae after ADCC 

Tiffnnfrp ,r * laaat ratio 

30:1 100H 



Ailtii>gdY 

.Anti-Tac 

Humanized 
anti-Tac 



4% 
24% 



< 1% 
23% 



30 



Prom tha foregoing, it will ba appraciatad t»- 
human-like immunoglobulins of tha praaant invention *r«. -i 
nuMToui advantage a of other antibodiaa. Por example, in 
eoapariaon to anti-Tac mouse monoclonal antibodiaa, tha 
praaant human- like IL-2 receptor immunoglobulina can ba more 
economically produced and contain eubetantially laaa foreign 
aaino acid eequencea. Thia reduced likelihood of 
antigenicity after injection into a human patient represents 
a significant therapeutic improvement for immunoglobulins 
designed in accordance with the above criteria. 

Although the present invention has bean described 
in some detail by way of illuatration and example for 
purposes of clarity and underatanding, it will ba apparent 
that certain changes and modifications may ba practiced 
within the scope of the appended claims. 
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li A composition comprising a substantially pure 
human-like immunoglobulin specifically reactive with p55 Tacl] 
protein. 

2. A composition according to Claim 1, wherein 
the immunoglobulin comprises two pair* of light/heavy chain 
dimera, wherein each chain comprises a variable region and a 
constant region. 



:{Jl 

V 

iC\ 



3. A composition comprising a aubatantially pure jji 
human-like immunoglobulin capable of inhibiting binding of ^ 
human interleukin-2 (IL-2) to a human IL-2 receptor. 



i !* 



4. A composition according to ClaJ, ! 
tha immunoglobulin exhibits a binding affinity to 
2 receptor of abcnit 10* M" 1 or stronger. 



« humr- TT 



.■{TV 



5. A compoeition according to Claim 1 # vharain 
the immunoglobulin comprises complementarity determining 
regions from one immunoglobulin and framework regions from at 
least one different immunoglobulin. 

6. A recombinant immunoglobulin composition 
comprising a human-like framework and one or more foreign 
complementarity determining regiona not naturally associated 
with the framework, wherein said immunoglobulin ia capable of 
binding to a human interleukin-2 receptor. 

7. A composition according to Claim 6, wherein 
the immunoglobulin is an lgG x immunoglobulin isotype. 

8. A composition according to Claim 6, wherein 
the mature light and heavy variable region protein sequences 
are substantially homologous to the mature protein sequences 
in figures 3 and 4. 
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9. A huaan-lika iaaunoglobulin having two pairs 
of light chain/heavy chain diaare and capabla of apacif ically 
raacting with an apitopa on a human interleukin-2 racaptor 
with an affinity of at laaat about 10* M" 1 , aaid light and 
haavy chains coaprieing coaplaaentarity deteraining ragiona 
(CDR'a) and huaan-lika fraaawork ragiona, wheraln tha CDR'a 
ara from diffarant iaaunoglobulin aoleculea than tha 
fraaawork ragiona. 

10. An iaaunoglobulin according to Claia 9, which 
la capabla of blocking tha" binding of intarlaukin-2 (IL-2) to 
human IL-2 racaptora. 

11. A huaanizad iaaunoglobulin capabla of binding 
to human intarlaukin-2 racaptora, aaid iaaunoglobulin 
coaprialng one or aora coaplaaantarity datarainir.7 r' .. ' 
(CDR'a) froa anti-Tac antibody in a huaan-lika fram*— X, 
wharain tha huaan-lika fraaawork rogion comprieea at leaaL 
ona amino acid choaan froa tha anti-Tac antibody. 

12. A huaanizad iaaunoglobulin according to Claia 
11, having a aatura haavy chain variabla aaquanca aa shown in 
Pigura 3, and a aatura light chain aaquanca aa shown in 
Figura 4. 

13. A huaanizad iaaunoglobulin according to Claia 
11, wharain an additional aaino acid froa tha anti-Tac 
antibody ia iaaadiataly adjacent a COR. 

14. A aathod of traating T-call aadiatad disordara 
in a huaan patiant, said aathod coaprialng adainistaring to 
said patiant a tharapaut ically affactiva doaa of an 

iaaunoglobulin according to Claia 1. 

15. An iaaunoglobulin according to Claia 1 which 
was produced in a ayaloaa or hybridbma call. 
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16. X polynucleotide molecule comprising a first jjil 
sequence coding for human- immunoglobulin framework 
regions and a sscond sagusncs coding for one or more mouee . 
immunoglobulin complementarity determining regiona, wherein j|J| 
upon expression said polynuclaotida ancodas an immunoglobulin]! 
spacifically reactive with p55 Tac protain and capabla of ,Lijj| 
blocking tha binding of interleukin-2 (IL-2) to the IL-2 i r ijj| 
racaptor on human T-calls. $M 



i . >• 



17. A call lina transfactad with a polynuclaotida 



ii 



of Claim 16. 



18. A method of designing a humanized 



' : ;- ! JS 



immunoglobulin (Ig) chain having ona or mora complementarity 



determining regions (CDR's) from a donor Ig and a framework 
region from a human Ig, said method comprising: . ' ' 
the framework or variable region amino acid sequ«*~<» of the 
donor Ig light sr heavy chain with corresponding segue—.. i 
a collection of human Ig chains} and selecting to provide the 
human Ig light or heavy chain framework one of the about 
three moat homologous sequences from the collection. 

19. A method of designing a humanized 
immunoglobulin chain having a framework region from a human 
acceptor immunoglobulin and complementarity determining 
regions (CDR's) from a donor immunoglobulin capable of 
binding to an antigen, said method comprising the steps of 
substituting at least one human framework amino acid of the ; < 
acceptor immunoglobulin with a corresponding amino acid from :-i 
the donor immunoglobulin at a position in the immunoglobulins 
where: 

(a) the amino acid in tha human framework region 
of the acceptor immunoglobulin is rare for said position and •• 
the corresponding amino acid in tha donor immunoglobulin is ; j: 
common for said position in human immunoglobulin sequences; 
or 

(b) the amino acid is immediately adjacent to one \- 
of the CDR's; or 
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(c) the amino acid is pradictad to hava a aid* 
chain atom within about 3 A of tha CDR'a in a thraa- 
diaanaional immunoglobulin modal and to ba capabla of 
intaracting with tha antlgan or with tha CDR'a of tha 
human iz ad immunoglobulin. 

20. A mathod according to Claim 19, wharain tha 
hunanizad immunoglobulin chain compriaaa in addition to tha 
COR 1 a at laaat thraa amino acida from tha donor 
immunoglobulin choaan by critaria (a) , (b) or (c) . 

21. A mathod according to Claim 20 # wharain at 
laaat ona of tha amino acida aubstitutad from tha donor ia 
imaadiataly adjacant a COR. 

22. A humanizad immunoglobulin daaignc; * - + 
to Claima 18, 19, or 20. 
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FIGURE 2 
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FIGURE 3 



30 40 50 60 

ICTGTCAGGTACCGCGGGCGTGCACT 
FLFLLSCTAGVH 



70 80 90 100 110 120 

CTCAGCTCCAGCTTCTCCACTCTGGGGCTGAAGTCAAGAAACCTGGCTCGAGCGTGAAGG 
SQVQLVQSGA.EVKKPGSSVK 

130 140 150 160 170 180 

TCTCC7GCAAGGCTTCTGGCTACACCTTTACTAGCTACAGGATGCACTGGGTAAGGCAGG 
7SCKASGYTFTSYRMHWVRQ 

190 200 210 220 230 i,.' 

CCCCTGGACAGCGTCTGGAATGGATTGGATATATIAATCCCTCCACTCGGTATACTGAAX 
APGQGLEWICYINPSTGYTE 

250 260 270 280 290 300 

ACAATCAGAAGTTCAAGCACAACGCAACAATTACTGCACACGAATCCACCAATACAGCCT 
YNQKF KDKATITADESTNTA 

310 320 330 340 350 360 

i ACATCGAACTGAGCAGCCTGAGATCTGACGACACCGCAGTCTATTACTGTGCAACACCGG 
YMELSSLRSEDTAVYYCARG 

370 380 390 400 410 420 

GGGCCCTCTTTGACTACTCCCGCCAAGGAA CC CT GGTCA CACTCTCCTCACGTCAGTCCT 
GGVFDYWGQGILVTVS8 

430 

TAAAACCTCTACA 
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FIGURE 4 
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TCTAGATGGAGACCGATACCCTCCTGCTATCGGTCCTCCTGCTATGGGTCCCAGCATCAA 
METDTLLLHVLLLWVPC3 
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CCGGAGATATTCAGATGACCCAGTCTCCATCTACCCTCTCTGCTAGCGTCGGGGATAGGG 
TGDIQMTQSPSTLSASVGDR 

130 140 ISO 160 170 180 

TCACCATAACCTCCTCTGCCAGCTCAAGTATAAGTTACATCCACTGGTACCACCAGAAGC 
VTITCSASSSISYMH WVQQK 
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FIGURE 5 
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RES 12 ACCTTCTA6ATCGGATC(^CTGGATCTTTCTCTTCCTCCTCTCX6GTACCCCCCGCCT6 
CACTCTCACGTCCACCTTCTCCACTCTGGG6CT6AXCTCAAGAAACCTCGCTCGAGCSTG 
AAGGTC 

HES13 CCCAGTCGACGGATTAATATATCCAATCCATTCCAGACCCTGTCCAGCGGCCTGCCTTAC 
CCACTGCATCCTCTAGCTACTAAAGGTCTA6CCAGAAGCCTTCCAGCA6ACCTTCACCCT 
CGACCCACG 

RES 14 TATATTAATCCCTCGACTGGGTATACTGAATACAATCAGAAGTTCAAGGACAAGGCAACA 
ATTACTGCAGACGAATCCACCAATACAGCCTACATGGAACTGAGCAGCCTGAGATCTGAG 
CACA 

RE815 ATATCGTCrAGAC CTTTTA ACCACTCACCTCACCACACTCTCACCAGCCTVL'uClTGCC**^ 
CAGTAGTCAAAGACCCCCCCCC CTCT TGCACAGTAATAGACTOCC CT GTCCT CA GA'/ ' 
AGCCTCCT 
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JFD1 CAAATCTAGATCGACACO^TACSCT C CTCCTATGCGTCC^^ 

TCAACCGCACATATTCACATCACCCACTCTCCATCTAC C CTCTCT C CTACCCTCGCCCAT 
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JTD2 ATAAATTAGAACCTTGGGAGCTTTCCCTGGCTTCTGCTGCTACCAGTGCATGTAACTTAT 
ACTTGAGCTGGCAGAGCXGCTTATGGTGACCCTATCCCCGACGCTAGCAGACAG 

JF03 GCTCCCAACCTTCTAATTTATACCACATCCAACCTGGCTTCTCGAGTCCCTCCTCGCTTC 
AGTGGCAGTGGATCTGCGACCGAGTTCACCCTCACAATCAGCTCTCTCCAGCCAGATGAT 
TTC 

JFD4 TATATCTAGAAAAGTGTACTTACGTTTGACCTCCACCTTGGTCCCCTGACCG.^AC'STP^ 
TGGGTAAGTACTCCTTTGATGCCAGTAATAAGTGGCG AAATCATCTGGc. *Y •' . 
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